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1 . Introduction 

The objective of this effort was to develop an operating breadboard prototype of a two- 
dimensional visible and near-infrared (0.4-2.5|im) imaging spectrometer, to demonstrate 
proof of concept for a new class of spectrometer design, for future NASA deep space 
planetary missions. 

The desired scientific objective of this new class of spectrometer is to acquire high-quality 
hyperspectral maps of planetary objects during spacecraft encounters (orbital or fly-by). 
Maps of this type will contain sufficient spectral information to define surface composition 
at a high enough spatial resolution to aide in studying the nature and evolution of planetary 
objects individually and as part of the solar system overall. 

The key design requirement for such a spectrometer is to measure all spectral channels 
simultaneously. This requirement is necessary to accommodate the temporally transient 
instantaneous field of view (IFOV) of the ground footprint of an instrument mounted on a 
moving spacecraft platform. Additional design requirements are: a sufficiently wide FOV 
to allow wide areal coverage in mapping applications, sufficiently high signal-to-noisc ratio 
(SNR) to allow detection and identificaticn of weak spectral features, and sufficient spec ral 
resolution to allow discrimination of close and potentially overlapping spectral features 
significant to the end mission. The final design requirements of small volume, low mass, 
reliable and automated remote operation, as well as low costruction and operating costs, are 
necessitated by the end application on a spacecraft. 


1.1. Background: Imaging Spectrometry 

Spectrometry has been used as an effective method of determining and mapping 
compositional units on solar system objects for decades, ever since the development of 
efficient optical detectors. It has been long recognized that the reflectance and/or emittance 
spectra of the rocks, minerals, condensates, and gases composing or covering planetary 
surfaces provide information about the chemical and physical makeup of those materials, 
and that this information can be used to test theories about the nature and evolution of the 
bodies themselves. Pictures of the surface providing only spatial information do not 
provide direct information on the materials themselves. The spectral domain must be 
investigated to get that information. 

Imaging spectrometry is the direction in which the technique of spectrometric remote 
sensing has developed in recent years. In this is approach, the spectral flux from an object 
under study is measured at most or all spatial elements (pixels) in each acquired image. At 
first, this was done using single detector instruments by measuring the flux in each spectral 
channel sequentially for a single pixel and then scanning to the next pixel and repeating the 
process until the entire field of view was mapped. Currently, linear array detectors are 
used to measure many or all spectral channels simultaneously at each pixel, as the active 
pixel is scanned over the surface of the object. The optimum instrument will measure all 
spectral channels and many spatial channels simultaneously, and this is the approach under 
development at SETS Technology and proposed in this project. 



PIDDP Final Report 


1 May 1996 


NASA has flown imaging spectrometers on nearly every deep space mission since 
Voyager: Galileo carries one now, and CRAF, Cassini and Mars Observer each have one 
in their payloads. The French have flown one successfully to Mars (Phobos Mission) and 
are preparing to fly an improved version to Mars again (Mars '94 mission). Most mission 
candidates are being planned with imaging spectrometers in their strawman payloads: 
Lunar Observer, Near Earth Asteroid Mission (NEAR), and others. NASA's Earth 
Observation Program has developed and is flying airborne versions of these instruments in 
preparation for developing a space version. The Department of Defense is also exploiting 
the technology. Astronomers have used the technique on ground-based telescopes for 
nearly a century, using photographic detectors. They now use electronic detectors and do 
true two-dimensional imaging spectrometry in a few cases. 


1 .2. Project Objective 

The objective of this effort was to develop an operating breadboard prototype of a true two- 
dimensional imaging spectrometer for potential use on orbiting and fly-by spacecraft This 
involved testing and utilizing such technologies as holographic gratings with partial 
aberration-correction, two-dimensional detectors, figured linear step filters, miniaturization, 
and automation. 

The key requirement for the instrument design is that all spectral elements be measured 
simultaneously; otherwise the spectral information becomes confused as the instantaneous 
field of view moves with respect to the sensor entrance aperture during image acquisition. 
This requirement excludes theframing camera approach, because the time required to 
sequentially measure several dozen or several hundred frames (each at a different spectral 
channel) is too great for the scene to be held stable from an orbiting spacecraft. The second 
key requirement is that a line of spatial elements (pixels) be imaged simultaneously, so that 
a wide swath can be mapped while the spacecraft flies by, i.e.while the spacecraft footprint 
moves over the surface of the object below the orbit of the spacecraft. A push-broom 
approach is thus indicated. The third key requirement is that the signal-to-noise ratio be 
high enough (minimally > 100:1 and preferably > 300:1) to clearly identify important weak 
spectral features and to separate overlapping features. Finally, the instrument must be 
small, low mass, reliable, and inexpensive to build and operate. 

The purpose of the effort was to have available a credible and low-risk design option for an 
imaging spectrometer for future NASA deep space missions. At the inception of this 
effort, imaging spectrometers for NASA deep space applications were not modem and the 
instruments were very heavy and complex, and they did not deliver the area coverage rates 
and signal-to-noise ratios desired. This effort proposed to build on technologies and 
design approaches under development at SETS Technology, Inc. to correct for these 
deficiencies. 
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1.3. Approach 

This project's design approach was to build on prior research done at SETS Technology, 
Inc. utilizing, as much as possible, existing in-house designs, components and expertise 
developed under previous instrument development projects. The goal was to provide a new 
class of imaging spectrometer designs as options for future NASA deep space missions, 
such as Lunar Observer and NEAR. Available resources from previous projects included 
two-dimensional array detectors (Si-CCD and HgCdTe), a doubly blazed holographic 
grating, and point detector test systems. 

SETS has prepared designs, acquired key components, and built operating prototypes for 
for imaging spectrometers in the visible (0.435 pm to 0.835 pm) and shortwave infrared 
(1. 0-2.5 pm) spectral ranges, using a novel design approach which greatly reduces the 
number of optical elements and thus greatly reduces the size and mass of the instrument. 
This was done while maintaining the optical throughput of the instrument by using two 
dimensional array detectors. SETS felt that this design approach met the objectives stated 
above and demonstrated, through tests of key optical elements, that these designs would 
produce the desired performance. 

Using this design approach, SETS developed a breadboard prototype optimized for the 
upcoming NASA deep space missions which makes this approach credible for space 
applications. 

The engineering effort utilized: 

• Existing engineering designs, developed under previous NASA and 
other agency funding. 

• The experience with the one operating 1 .0 - 2.5 pm prototype built 
so far. 

• Results from SETS tests of key optical elements, developed by 
optical manufacturers with SETS design help. 

• Other existing parts and detectors. 

Techniques of special concern and effort were: 

• Holographic blazed gratings. 

• Aberration-compensated/corrected optics. 

• Figured linear step filters. 

• Two-dimensional VIS and 1R detectors. 

• Miniaturization of the instrument. 

• Design for automated adaptive operation. 

These are techniques SETS has used extensively in past efforts to develop electro-optical 
instrumentation, and imaging spectrometers in particular. 
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2 . Summary of Work Accomplished 

2. 1 Year 1 (October 1992 through September 1993) 

During the first year, the following tasks were completed: 

• Reviewed project goals and objectives. 

• Reviewed overall design approaches. 

• Reviewed design specifications. 

• Reviewed design/performance of existing prototype VNIR instrument at telescope. 

• Performed detailed survey of available IR array detectors. 

• Selected NICMOS3 HgCdTe 256 x 256 array as baseline VNIR detector. 

• Completed science review of specifications. 

• Finalized system specifications. 

• Completed baseline design of electronics to control VIS/VNIR arrays. 

• Obtained detailed specifications and operational information from manufacturer on 
selected VNIR detector. 

• Developed preliminary optical design and layout of optics and dewar optical bench. 

• Developed preliminary grating design with manufacturer. 

• Surveyed available guider cameras and selected baseline camera. 

• Developed agreement in principle to cooperate with German Space Group (DLR) in 
applying electronics microminiaturization technology to this project, at no additional 
cost to NASA. 

During this period, the following tasks were started: 

• Survey available VIS/VNIR detector arrays. 

• Develop detailed design for manufacture of grating. 

• Prepare detailed mechanical design and shop drawings for mechanical subsystem. 

• Implement electronics design with DLR of Germany. 

The system design parameters shown in Tables 1 and 2were defined to meet the following 
design requirements: 

• Simultaneous collection of spectral channel measurements. 

• Broad spectral coverage with 0.5% to 1% spectral resolution. 

• High signal-to-noise (S/N), preferably 300: 1 . 

• Broad area coverage. 

• Low mass, small size, low power, inexpensive. 

• Versatility to acquire and handle data in several modes, using automated control. 

• Mechanical stability. 
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Table 1. System Design Parameters 


Spectral Range 
Range 1 
Range 2 

Spectral Resolution 
Range 1 
Range 2 

Number of Spectral Channels 

Signal to Noise Ratio 
IFOV 

Number of Spatial Channels 

Platform 
Cooling Scheme 
Estimated Volume 
Estimated Mass 


0.35-2.50pm 
0.35-1. 05pm 
0.95-2.50pm 

1 % 

5.5 nm/pixei 
12.1 nm/pixel 
128 (Range 1) 

128 (Range 2) 

> 300:1 
0.5 mrad 

256 (across track, without 
scanning) 

Spacecraft 
Passive (LN2) 

1 4,400cm 3 (30 x 30 x 16 cm) 
18 kg 


Table 2. Subsystem Specifications. 


Foreoptics 
Type 
Aperture 
Focal Length 
Focal Ratio 


Spectrometer 
Slit Size 

Dispersion Technique 
Groove Frequency 

Dispersion Efficiency 
Input Focal Ratio 
Output Focal Ratio 


Detector 

Material 

Array Dimensions 
Pixel Size 
Quantum Efficiency 
Operating Temperature 
Read Noise 

Dark Current/Full Well 


All Reflective Cassegrain 
5 cm diameter 
50 cm 

f/10 


50 pm wide x 12.8 mm long 
Holographic Concave Grating, double blazed 


Range 1 : Range 2: 

! 65 grooves/mm 68 grooves/mm 


12%-50% 

f/10 

f/3 (Range 1). f/8 (Range 2) 


Range 1 


Si CCD UV Enhanced 
256 x 256 
15 |xm 

>20% 0.35-1.05 |Atn 

290K 

70 e- 

1 e-/sec @ 290K / 3xl0 5 < 


Range 2 


HgCdTe 
256 x 256 
40 |im 

>50% l-2.5(xm 

77K 

400 e- 

5 e-/sec @ 77K / 2-4x 10 7 e- 
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2.2 Year 2 (October 1993 through September 1994) 

During the second year, effort concentrated on the following tasks: 

• Development of designs for preliminary holographic optical element. 

• Evaluation of performance of preliminary holographic optical element designs. 

• Preparation of additional optical and mechanical designs. 

2.2.1 Problems encountered 

Problems were identified with the dual-blazed, single holographic optical element design. 
This design had been selected over a more classical design (i.e. one with separate gratings 
for the VIS and VNIR arms) for the advantages of reduced mass and cost, fewer optical 
elements and increased ruggedness. Unfortunately, with current technological constraints, 
the single holographic optical element design failed to meet the optical performance 
specifications for spectral and spatial resolution at a focal ratio required to achieve the 
desired system SNR. Figure 1 shows the proposed optical system layout for the single 
holographic element design. Figure 2 shows the geometrical spot sizes achieved at the 
spectrometer focal plane for an f/4 system of this design. Although the on-axis spot size of 
84pm (spatial) x 1 8pm (spectral) is minimally acceptable, the edge-of-field spot size 
increases to 350pm x 195pm, far too large for the 40pm x 40pm pixel size of the FPA 
detector elements. 

Another major problem with this design is the overlapping of orders from the two arms 
(visible and shortwave infrared.) The dual-blazed concept is an attempt to maximize 
spectrometer optical efficiency by using two coincident gratings ruled on one optical 
surface. Such a design would use a single optical train to disperse and image two spectrally 
distinct beams of light. In this case, we wish to image light in the VIS/NIR and SWIR 
bands. But higher orders (e.g. the third order) of the visible light, diffracting from the 
infrared grating, were found to be precisely coincident at the output focal plane with the 
first order of the infrared range. This would be an advantage (increasing the efficiency of 
the spectrometer) except that these higher-order images are highly aberrated, and the 
additional light, while increasing the throughput of the system, also enlarges the spot size 
and so degrades the spatial resolution of the system. Attempts to reduce the aberrations, 
and/or move the higher-order images, were unsucessfiil. So, after much design effort, the 
dual-blazed approach was abandoned. 


2.2.2 Solutions proposed 

In order to meet the desired optical performance specifications, the following alternate 
optical designs were proposed. 


2.2.2. 1 Two-arm dual-grating design 

A classic two-arm dual-grating design offers increased assurance of meeting the optical and 
noise performance specifications demanded by the science requirements. This design 
increases the number of optical elements (above the number required for the dual-blazed 
design) complicating the mechanical and optical design, and thus increases mass, volume. 



PIDDP Final Report 


1 May 1996 


and cost. However, this design also provides more parameters for adjustment during the 
design process, helping to ensure the problem is not overconstrained. 

The layout for this design is shown in Figure 3. The design features separate optical paths 
beyond the input slit for the visible and near-infrared regions of the spectrum, with separate 
holographic gratings as well as a separate detector array for each spectral region. 


2. 2.2. 2 Dichroic beamsplitter design 

A dichroic beamsplitter design avoids the problem of overlapping orders which plagued the 
original dual-grating design, and still offers the advantage of a single holographic optical 
element to collimate, disperse and focus the beams in both spectral regions. This design 
adds the complexity of a dichroic filter and prism assembly, in effect creating a pair of slits, 
one for the visible light and the other for the infrared light. 

The layout of this design is shown in Figure 4. 


2. 2.2. 3 Dual-grating “sandwich” design 

A dual-grating “sandwich” design is an innovative but more risky design approach which 
removes overlapping orders by layering a visible grating on the top surface of a silicon 
wafer with an infrared grating on the back surface. In this design, the silicon wafer 
substrate acts as a reflector and blocking filter for the visible light, allowing only the 
infrared light to reach the back infrared grating. So the infrared grating never gets the 
chance to scatter visible light onto the output focal plane. 

The layout of this design is shown in Figure 5. 


2. 2. 2. 4 Transmissive optical element design 

A transmissive optical element design improves the optical quality and greatly reduces spot 
size by allowing near-on-axis focal plane imaging. In this design, a positive power plano- 
convex or meniscus lens, with a superposed holographic grating surface, performs all the 
necessary optical functions of collimating, focusing and dispersion. The near-on-axis 
design improves the spot size for both the visible and infrared spectral regions. 

The layout of this design is shown in Figure 6. 


2.3 Year 3 (October 1994 through September 1995) 

During the third year, effort concentrated on the following tasks: 

• Evaluating alternative designs and selecting the one most appropriate. 

• Implementating final design. 

• Testing and evaluating implemented design. 

• Recommending additional designs for other related applications. 
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3. Recommendations and Conclusions 

A key design goal of this project was to use a double blazed holographic grating to reduce 
the number of components required to cover the entire 0.4 p.m to 2.5 p.m spectral range. 
Several different double blazed grating configurations were tried during the optical design 
phase of this project, but none ever produced the required aberration performance, due to 
superposition of higher order spectra on top of the desired spectra. These higher order 
spectra always turned out to have large aberration which would degrade the otherwise 
excellent optical performance of the design. Since the higher order spectra were covering 
the same wavelength interval as the prime order spectra, these parasitic spectral orders 
could not be removed with wavelength selective filters in the instrument's focal planes. 

This this problem was insurmountable using this design approach. 

So in practice we chose to advocate a classical dual-arm design, using a dichroic 
beamsplitter to separate the incoming beam into two broad bands, the visible (0.4 to 0.9 
pm) band and the shortwave infrared (0.8 to 2.5 pm) band. This classical approach thus 
consists of variations of two SETS imaging spectrometers (the AAHIS and DLR 
spectrometers) integrated into a new instrument, sharing the same foreoptics, slit, and 
chassis. In the fully developed version of this integrated instrument, both the visible and 
infrared focal plane arrays would be controlled by one set of electronics hardware and 
software, producing a compact, broadband hyperspectral imaging spectrometer suitable for 
further development into a space qualified system. 

Despite this negative conclusion, SETS recommends that the dual grating approach be 
pursued, with the addition of a filter layer between the two grating surfaces which would 
allow the infrared grating to be illuminated only by infrared light. This would eliminate the 
superposition of higher order visible light spectra (produced by diffraction of visible light 
from the infrared grating) onto the fundamental order visible spectra produced by the 
visible light gratin. In practice, such a dual grating could be produced by etching a dual 
holographic grating onto the two surfaces of a thin silicon wafer (or onto both surfaces of a 
thin layer of silicon deposited onto a suitable substrate). In operation, the outer (front) 
surface of this sandwich structure would scatter both visible and infared light into the 
desired spectra, and the buried (back) surface would scatter only infrared light, since only 
the infrared portion of the beam would be transmitted through the silicon layer to reach the 
second grating. In effect, this design places the wavelength separating filter, not in the 
input beam nor at the focal plane, but at the grating (i.e. in one of the system's pupil 
planes). This would eliminate the highly aberrated parasitic orders and restore the optical 
performance of this simple, yet broadband, single component optical system. 


Appendix 

The Appendix presents three concept designs for this imaging spectrometer, along with 
analyses of their optical performance and a drawing of a representative holographic grating 
to be used in these designs. 







Focal Plane Spot Diagram 
f/4 Grating, Infrared Arm 
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Dual-arm f/4 design using a single slit 
and a single holographic reflection grating 
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CONCEPT 1. DESCRIPTION 


The first technique (Concept 1 ) employs a single concave holographic 
diffraction grating operating in an over/under low stray light geometry and 
a custom dichroic beam splitting filter to separate the first order IR spectra 
from the second order VIS spectra. The over/under or Eagle geometry 
achieves eicellent imaging over ths wavebands of interest. American 
Holographic has several commercial instruments designed using this concept 
and the addition of some field flattening through aberration correction. 

The use of a single grating puts some constraints on the spectral 
dispersion that can be used, the two spectra are interrelated. The 
preliminary grating design for this concept is designated 490.101. The focal 
plane positions are shown in Figures 2 and 3 for the IR and VIS detectors. 

If the primary spectra is considered the IR detector and wavelengths then 
the VIS detector should operate in the second order in order to come close to 
the requested spectral dispersion. The IR detector wants lOOOnm to 
2500nm or effectively 1500 nm spread over 7.44mm. or an average of 201.6 
nm/mm. The VIS specification asts for 350-1050nm or 700nm spread over 
the same 7.44mm for a reciprocal linear dispersion of 94nm/ mm. A single 
grating cannot achieve both these requirements simultaneously. By using 
the second order visible spectra, however, a reciprocal linear dispersion of 
100.8 nm/mm is achieved in nearfr the same focal positions as the IR 
detector. This focal position is important because all aberration corrections 
and imaging are related to mX (m being the order). Thus if the design 
provides good imaging in the first order at 1500nm it will also have the 
same imaging in the second order it 750nm. Because the dispersion is not 
exactly what was requested the 330-10 5 0 nm spectra is spread along only 
6.94mm. If SETS would like to change the VIS spectrum to accomodate the 
IR specifications, the only requirement is that the reciprocal linear 
dispersion (RLD) be half of the IR spectra for the VIS spectra (e.g. 
200nm/mm IR to lOOnm/mm VIS). 



'"’“use of a single grating to cover a large spectralrange 

to a trade-off with respect to the wavelength or spec ^^Tauhement is 
highest diffractive efficiency. In fact, the actual cfr.aency r *J*ement 

usually a system specification due to the source trr assumed 

detector sensitivity. Not knowing the system requirement^ " tsumed 
that the IR spectrum dominates and the nominal design P inusojdal 
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system collection solid angle. 

GRATING SPECIFICATION: 490.101 


Groove Frequency 
Diffraction Order 


32.4 gr/mm 

1 for IR 1000nm-2500nm 

2 for VIS 350nm-1050nm 


Radius of Curvature 152.4 mm 
Blank Diameter 85.0 mm 

Entrance Slit Distance 152.2 mm 
Focal Positions See Figures 2 Sc 3 
Groove Depth 4000 Angstroms 



FIGURE 1 


SINGLE GRATING MULTI - 



GRATING 


—.rrrpT £ 


jSiTE DIFFRACTIVE 
ORDERS 


VIS(2ND) 
ORDERS 


BOTH DETECTORS MUST 
BE BLIND TO THE OTHER’S 
RADIATION. IR BLOCKED FROM 
VIS, AND VIS BLOCKED FROM IR. 


CONCEPT 3 
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FIGURE 2 

GRATING FILE DESCRIPTION 
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GRATING FILE DESCRIPTION 
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FIGURE 3 

GRATING FILE DESCRIPTION PJ 490.101 
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FIGURE 4 

GRATING DESCRIPTION 
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2300.00 

2350 .00 

2400 .00 

2450 .00 

2500.00 


/| 7*; .ini 

SCALAR EHicisncv Cl) 
Q .56 
13.25 
16.82 
20 . 1 2 
23.06 
25.61 
27.75 

IQ LT"1 

30. 92 
32.01 
32.31 

33.36 
33.6? 

33.94 

33.94 

33.70 
33.45 

33.11 

32.70 

22.23 

31.71 
31.16 
30.39 
2?. 98 

29.36 
2B.74 

28.11 
27 . 49 
26.85 

26.23 

^ ir *■> 


1 GRATING DESCRIPTION 4^0.101 

2 START WAVELENGTH 'nm) LI 1000 

3 END WAVELENGTH (nm) L2 3500 

4 . WAVELENGTH STEP (Delta l?mbda) L3 50 

5 ORDER 1 

6 GROOVE DEPTH. ANGSTROMS h 4900 


1 

I 


1 



FIGURE 5 

GRATING DESCRIPTION 

WAVELENGTH (nm> 

350 .00 

375.00 

400 .00 

425.00 

450.00 

475.00 

500 .00 

525.00 

550 .00 

575.00 

600 .00 

625.00 

650.00 

675 .00 

700.00 

725.00 

750.00 

775.00 

800.00 

925.00 

50.00 

75.00 

900 .00 

925.00 

950.00 

975.00 

1000 .00 

1025.00 


470 . 101 

SCALAR Efficiency <'/.) 
0.97 
0.32 
3.54 
7.50 
9.67 
9 .38 
7.32 
' 4 .58 

2.12 

0 .52 

0 m 00 

0.52 

1 .90 
3.91 
6.28 
8.82 

11.35 
13.75 
15.94 

17.35 
19.48 
20 .82 
21 .87 

22.65 
23 .20 
23.52 

23.66 
23.63 


1 

3 

4 


GRATING DESCRIPTION BT 490.101 

START WAVELENGTH f n*n) LI 350 

END WAVELENGTH <nm> L2 1049 

WAVELENGTH STEP (Delta lambda) L3 25 

ORDER 2 

GROOVE DEPTH, ANGSTROMS h 4900 



FIGURE 6 

GRATING DESCRIPTION 490.101 


WAVELENGTH <nm> 


SCALAR Efficiency (X) 




1000 .00 


24.39 




1 050 . 00 


27 .20 




1 1 00 . 00 


27.44 




1 150 .00 


31.14 




1 200 . 00 


32.36 




1 250 • 00 


33.18 




1300 .00 


33.66 




1350.00 


‘ 33.85 




1400 .00 


33.31 




1450.00 


33.58 




1 500 . 00 


33.20 




15^0 .00 


32.71 




1600 .00 


32.13 




1650.00 


31.48 




1700.00 


30.78 




1750.00 


30.05 




1800 .00 


27.30 




1 850 . 00 


20.53 




1900 .00 


27.76 




1950 .00 


26.97 




2000 • 00 


26.23 




2050 . 00 


25.48 




2 1 00 . 00 


24.75 




2150.00 


24 .03 




2200 .00 


23.32 




2250 . 00 


22.64 




2300 .00 


21 .77 




2350.00 


21 .33 




2400 . 00 


20.71 




.oo 


20.10 




i 


19.52 





GRATING 

DESCRIPTION 

— er 

490 . : 



START WAVELENGTH <nm> 

— Ll 

1000 

3 


END WAVELENGTH (run) 

— L2 

2500 

4 


WAVELENGTH STEF (Delta lambda)- 

— L3 

50 

C“ 


ORDER— 


m 

1 

6 


GROOVE 

DEPTH, ANGSTROMS 

h 

4000 



FIGURE 7 

GRATING DESCRIPTION 

WAVELENGTH (not) 

350 .00 

375.00 

400 .00 

425.00 

450.00 

475.00 

500 .00 

525.00 

550.00 

575.00 

600 . 00 

625.00 

650.00 
t 75 . 00 

700.00 

725.00 

750 .00 

775.00 

800 . 00 

025.00 

850 . 00 

875.00 

800 .00 

925 . 00 

850 .00 

975.00 

1000.00 

1025.00 


490.101 

SCALAR Efficiency Ci) 

7.99 

9.83 
8.29 

5.06 
2.02 
0.27 
0.14 

» 1 .45 

3.7? 

6.72 

9. 84 
12.87 
15.63 

17.99 
19.91 
21 .40 
22.48 

23.19 
23.56 
23.67 
23.54 
23.23 
22.77 

22 . 20 
21 .54 
20 .82 

20.06 
19.28 


1 GRATING DESCRIPTION Bf 

START WAVELENGTH <nm) LI 

END WAVELENGTH (nm: L2 

WAVELENGTH STEP (Delta lambda) L3 

ORDER m 

6 GROOVE DEPTH, ANGSTROMS h 


490.101 

350 

1049 


4000 



CONCEPT 2 




In an attempt to separate the IR and VIS detectors and eliminate the 
need for the dichroic beamsplitter American Holographic has investigate 
the possibility of using diffracted orders on opposite sides of the zero or er 
in Concept 2. Keeping the system symmetrical (convenient but not require 
for the design) the angle of incidence in this design (490.99) was se ec e o 
be zero. The IR spectrum focal positions are shown in Figure 9. The detector 
position is between 1.85 and 4.63 degrees from the entrance slit at a 
distance of about 152.5 mm from the grating. The detector is nearly 
perpendicular to the grating normal. 


Figure 10 shows the minus one visible spectrum. Again the 

dispersion is too small to fill the detector and the better dispersion is oun 
:n the minus two order (Figure 1 1 ). The same discussion as to the re ative 
dispersion applies to this design as that of Concept 1. Thus, the secon 
order spectra goes 350nm- 1 1 OOnm over 7.42 mm. Notice also that t is 
spectra is closer to the grating and inclined toward grating center. It wi 
also exhibit more curvature because it is the opposite order that was 
designed with the flatter field. 


OVERLAPPING SPECTRA . . , # 

The largest problem with the Concept 2 design is that each de ec or 
must be made blind to the other detector's spectra. Because of the selection 
of the two dispersions VIS and IR are symmetrical with respect to the 
opposite diffracted angles, the plus two visible spectra will overlap t e 
desired plus one IR spectra (note: this will always happen and is the asi p 
for Concept 1). Also the minus one IR spectra will overlap the desire minus 
two VIS spectra. These may or may not be major constraints but wi 
depend upon the sensitivity of each of the chosen detectors and the use o 
order sorting or color glass filters to correct any overlapping regions. 



EFFICIENCY 


The only impact upon efficiency of the Concept 2 from the discussions 
in Concept 1 is that it is probably unlikely that the grating can be blazed for 
both sides of the normal. Thus one spectra can be made over 40% but the- 
other spectra will probably decrease as the other one increases. The scalar 
sinsoidal efficiency will still be applicable for either side of the normal as the 
plus and minus orders have equal efficiencies in the non-blazed case. 


GRATING SPECIFICATION: 490.99 


Groove Frequency 32.3gr/mm 

Diffraction Order 1 for IR 1000 nm- 2 !* 00 nm 

- 2 fcr VIS 350 nra-l lOOnm 


Radius of Curvature 1524 mm 

Blank Diameter 850 mm 

Entrance Slit Distance 1527 mm 

Focal Positions See Figures 9 Sc 1 1 
Groove Depth 4001 Angstroms 



B t 490.99 


r IGUKt y ........ 

GRATING TILE DESCR I FT I OH 


WAVELENGTH 

(nm ‘ DI r F 

ANGLE BETA (deg) 

FOCAL LENGTH LB (nun) 

1 000 . 00 


1 .85 

152. se 

1050 .00 


i .94 

152.60 

1 100 .00 


2 .04 

152.62 

1150.00 


^.1j 

152.64 

1 200 . 00 


^7 -i <-i 

152.66 

1 250 .00 


2.31 

152.67 

1300 .00 


2.41 t 

152.69 

1350 .00 


2.50 

152.71 

1 400 . 00 


2.5? 

152.73 

1 450 . 00 


2.68 

152.74 

1500.00 


2.78 

152.76 

1 550 . 00 


2.87 

152.78 

1600 .00 


2 .96 

152.79 

1.50 .00 


3.06 

152.81 

1 700 . 00 


3.15 

152.02 

1750 .00 


3 .24 

152.84 

1800 .00 


3.33 

152.85 

1 850 • 00 


3.43 

152.86 

1 900 . 00 


3.52 

152.88 

1950 .00 


3.61 

152.89 

2000 . oo 


3.70 

152.90 

2050 . 00 


3.80 

152.91 

2100 .00 


3.87 

152.93 

2150.00 


3.78 

152.94 

2200 ,00 


4 .07 

152.95 

2250.00 


4.17 

152.96 

2300 .00 


4 .26 

152.97 

2250 .00 


4.35 

152.98 

' , oo 


4.45 

152.99 



4 .54 

153 .00 

. . 


4.63 

153.01 

LENGTH Of 

SPECTRA 

7.426886 


LAMBDA 1 = 

1000 

LAMBDA?* 

2499 .999 


1 

GRATING FILE DESCRIPTION 

pf 

490.99 


GROOVE FREQUENCY <gi 'mm> 

M 

32.3 

3 

DIFFRACTION ORDER 


1 . 

4 

RADIUS OF CURVATURE Onm) 

R 

152.4 

c 

ENTRANCE SLIT DISTANCE (mm) 

La 

152.7 

t 

ANGLE OF INCIDENCE <deg> 

A! pha 

0 



FIGURE 1C 


GRATING FILE DESCRIPTION El 490..?? 


t-JAL'ELE! IGTH 'nm> 

350.00 

375.00 

400.00 

425.00 

450.00 

475.00 

500.00 

525.00 

550 .00 

575.00 

600 .00 

625 . 00 

650 . 00 

675.00 

700.00 

725.00 

750.00 

775.00 

800.00 

825.00 

850.00 

875.00 

900.00 
<>25.00 


. . .0 

. 025.00 

1050.00 

1075.00 

LEI1GTH OF SFECTRA 
LAMBDA 1= 350 


PI FF ANGLE BETA <d*c> 
-0.65 
-0 . .6'? 

-0.74 
-0 . 7 r 
-0 . S : 

-0 . 99 
-0.93 
-0 . c '7 
- 1 .02 
-1 .06 
-1.11 
-1.16 
-1 .29 
-l .25 
-1 .30 
-1 .24 
-1 .2 C 
-! .42 
-1.48 
-1 .52 
-1 .57 
-1 .62 
-1 .67 
-1 .71 
-1.76 
-1.90 
-1.95 
-1 .90 
-1.34 
-1 . - - 

o rnso i 
LAI IF PA 2= 


FOCAL LENGTH LB(mm) 
151 .90 
151 .88 
151 .37 
151 .95 
151 .84 
151 .82 
151 .30 
151 .7? 

151.77 
151 .76 
151.74 
151.72 
151 .71 
151 .69 
151 .67 
151 .66 
151.64 
151.62 
151 .61 
151 .5? 

151 .57 
151 .56 
151 .54 
151 .52 
151 .50 
151 .4? 

151 .47 
151.45 
151.42 
151 .41 


1075 


1 GRATING FILE PEICriFTION E'l 490.9? 

2 GROOVE FREQUENCY 'or /mm) 11 32.3 

2 DIFFRACTION ORDER-- _t 

4 RADIUS OF CURVaTIT E < ir-m > P 152.4 

5 ENTRANCE SLIT DISTANCE 'mm* La 152.7 

ANGLE OF INC IDE! ICE ■ deo.' Alpha 0 



FIGURE 11 


GRATING FILE DESCRIPTION 


Bt 490.99 


WAVELENGTH <nm> DIFF 

ANGLE SETA (deg) 

FOCAL LENGTH LB' mm) 

350.00 

-1 .3? 

151 .67 

375.00 

-1 .3 = 

151 .64 

400 .00 

-1.49 

151 .61 

425.00 

-l . 5~ 

151 .57 

450.00 

-1 .6" 

151 .54 

475.00 

-1.76 

151.50 

500 .00 

-1 .95 

151.47 

525.00 

-1 .91 

151 .43 

550.00 

-2.04 

151.40 

575.00 

-2.1? 

151 .36 

600.00 

-2.22 

151.32 

6 25.00 

-2.3! 

151 .29 

650.00 

-2.41 

151 .25 

675.00 

-2 . 50 

151.21 

700.00 

-2.59 

151.17 

725.00 

_ *• / X 

151 .13 

750 .00 

-2 . 7? 

151 .09 

775.00 

_2 2 ? 

151 .05 

™ .no 

-2 . 96 

151 .01 


-3.06 

150.97 

- - V . - j 

-3.15 

150.93 

875.00 

-3.24 

1 50 . 89 

?P0 .00 

-3 , 3? 

150. B5 

925.00 

- 3.4 ? 

150.81 

950.00 

— - 1 c . ” 

150.77 

975.00 

-3.61 

150.72 

1000 .00 

-3.70 

l 50 . 68 

1025.00 

- 3 . 80 

1 50 . 64 

1050.00 

_ ? C-v 

150.59 

1075.00 

_ j t cc- 

1 50 . 55 

l 100 .00 

-4.07 

150.50 

LENGTH OF SPECTRA 
-?i«?OAl= 350 

7 . 121213 

LAMf , t'A2= 

j 099 , 999 


1 GRATING FILE DESCRIPTION 

2 GROOVE FPEQUEl 1C r < or / mm » 1 12 • ? 

I DIFFRACTION ORDER-- 

4 RADIUS OF CUFLATUPE'.rrim: 1 p ‘^2.4 

5 ENTRANCE SLIT DISTANCE -trim) La. 152.7 

... angle OF INCIDENCE (deg; Aloh?. 0 



CONCr.PT 3 


r 

In order to maximize the design capability of th. be cre ated 
diffraction grating it would helpful if the two optical sp entrance 

by two individual gratings. With the SETS desire to keep ooty one^entra 

slit for each spectra there is a little known, but em JJ. ^ holographic 
commercial instruments, technique of placing two d,ffer ®!* .* concep t to 
exposures upon one grating substrate. The gratings a - phase The 
tri partite gratings in that the grooves are not meant o b 
common technique of sharing the grating aperture either a 

bottom half being different gratings can be suppleme oyer lhe entire 

random mask arrangement or even two complete exp oove 

substrate. There are moire and sum/difference spectra ,f l £ f™ 
frequencies are too close to each other. The advan in ^ fi rs t 

instrument is that both gratings could be designed to > °P spec tral 

rder and each could be optimized for the highest efficiency in its spectr 

range. 

This Concept allows the designer a great deal of freedom lotion 
selection of the individual grating design. There is one sy^ group . ir 

that American Holographic would like to suggest spectra can be 

the VIS CCD can be made larger (or selected larger), then th P 

spread over a greater angle and there can be a situati is completely 

with the IR detector region. In effect, the first order P slightly 

contained within the zero order to 350 nm UV * «ew ^ 
inclining the IR grating grooves with respect to the VIS gr* g 8 g 
IR higher order spectra can be separated from th 1 3 des igns 

Such a grating combination is described in Figure 1 2 and g 
490.102A and 490.102B respectively. 

The 490.102A design operates in the minus °" e Always 

American Holographic convention is that the angle o in grating 

positive and negative angles are always on the oppo^ e s de o the grati 

a. front the entrance m ^ ‘o.l'SS sJX 

2SSS3S W nm spectra from ,0,7 to -2UJ - 

over 3 MS mm. Thus, the epectra do not aUy ^overlap and the ? ^ 

detectors do not have to be butted together. The p < y. 



need Tor a larger CCD delector. A 'CD of a about the right size is available 
from EG&G Reticon ( RA 1 200J See Appendix A). 

Additional designsrauld be generated for smaller CCD sizes, but the 1R 
spectra would have to be used in he plus one order (on the other side of the 
normal) and the CCD would have t: be insensitive to the minus order IR 
spectrum. 

EFFICIENCY 

The efficiency for each exposure can be optimized for the spectral 
region of use. In a shared apertun approach the area assigned to each 
grating can also be used to adjust rystem throughput. If the grating diffracts 
only to one side of the normal thei ion beam milling will enhance both 
spectra to that side of the normal Figures 14 and 15 show the expected 
sinusoidal groove efficiency for bah IR and VIS optimized first order 
designs. 


GRATING SPECIFICATION: 490.1 1 2A&B 


4 l 0.102A 


Groove Frequency 
Diffraction Order 
Radius of Curvature 
Blank Diameter 
Entrance Slit Distance 
Angie of Incidence 
Focal Positions 
Groove Depth 


3 '7 

52.4mm 
$5.0mm 
52.2 mm 
5.7 deg 
Figure 12 
4500 Ang 


490.102B 

260 gr/mm 
-1 

152.4 mm 
850mm 
152.2 mm 
5-7 deg 
Figure 13 
1400 Ang 



FIGURE 12 

GRATING FILE DESCRIPTION E* 490.102A 


WAVELENGTH 'nm> 

L'lFF iV»Ol.!. f'EIA 'deg' 

FOCAL LEMGM! 

1 009 . uO 

- 7 .23 

152.01 

1 050 . 00 

— 7 # a 7 . 

1 52 . 05 

1 100.00 


152.10 

1 ICO .00 

-7. S'* 

152.14 

1 200 . 00 

-7.^ 7 

152.18 

1 250 ,00 

7 v • : 

152.27 

1 300 . 00 

-p. ,'y • 

i -ji. . 

1 350 . 00 

-P.17 

152.30 

1 400 . 00 

- 0 . 2 * 

152.34 

1450 , 00 

-b.t: 

152.38 

1 500 . 00 

-8.4 7 

152.42 

l 550 . 00 

- 0.5 > 

152. 4 A 

1 £>00 .oo 

-o,6> 

152.50 

1 6 jO ,00 

-8.72 

152.54 

1 700 . 00 

-8.81 

152.58 

1750. 00 

-e.?o 

152.61 

1900 .00 

-9 m iy \ 

152.65 

1850 .00 

-8 ,'3° 

152.6? 

1900 .00 

-9.1? 

152.72 

1 950 , oo 

-8 .27 

152.76 

2000 . 00 

-°.36 

152.80 

2050 .00 

-?.16 

152.83 

2 1 00 . 00 

-8.55 

152.87 

° 1 50 . 00 

-8.64 

152.70 

0 

-? . 7 ? 

152.94 

. , '..“J 

-8.83 

152.77 

-300 .00 

-9 # 72 

153.01 

2350 .00 

-10.01 

153.04 

2400 . 00 

-10.3 V 

153.08 

2450 • 00 

-10.1? 

153.11 

2500 .00 

-10.27 

153.14 


LE' ( mm > 


LENGTH OF SF'ECTRA 7. >30174 

LAMBDA 1= 1000 LAM' J DA2= 24F?.9?7 


1 GRATIN' 1 2 3 * 5 6 FILE DESCRIPTION P* 4°0.102A 

2 GROOVE FREQUENCY 'gr/mnN N 31.7 

3 DIFFRACTION ORDER * -1 

’• RADIUS OF CURVATURE ( mm ) R 1C2.4 

5 ENTRANCE SLIT DISTANCE (mm- La IT-2. 2 

6 ANGLE OF INCIDENCE (den:- Aloha 5.7 



GRi-iT 1 ! JO FILE DESCRIPTION Et ^ = 0.1025 


A' ,'ELEf l<?TH 

< nm • DIFF ANGLE EETA (deo) 

FOCAL LENGTH LE 1 

2 c , n > m ij 

-in .97 

i 54 . 0 9 


57 = # ij n 

- ! 1 . 25 

1 54 . 4 1 


400 .00 

-1 1.72 

156.74 


425.00 

- 12.11 

157.06 


450 .00 

- 12 . V* 

157.39 


475.00 

-12.87 

157.70 


500 . 00 

-12.26 

152.02 


525.00 

-13. 4 4 

158.33 


550 . 00 

-14.02 

1 58 . 64 


575.00 

-14.41 

1 58 . 95 


600.00 

-14. 79 

159.25 


625.00 

- 15.18 

1 59 . 55 


650.00 

-15.56 

159.85 


675.00 

-15.85 

160.15 


700 .00 

-16.34 

1 60 . d 4 


725 . 00 

-If .7: 

1 60 . 73 


750 . 00 

-17.12 

161 .02 


775.00 

-17.5! 

161 .31 


" 00 . 00 

-17.9 0 

161 .59 


'3.00 

-18.2? 

161 .87 


50 . Qij 

-18.6? 

162.15 


375.00 

-19.08 

162.43 


900 .00 

- 1 r . 4 r 

162.70 


925.00 

-19.27 

162.97 


950.00 

-20.26 

163.25 


975.00 

- 20 . r 4 

163.51 


1000.00 

-21 .06 

1 63 . 73 


1025.00 

-21 .46 

164.05 


1050.00 

-21 .96 

164.31 


LENGTH OF 

■SPECTRA ?! . 18027 



LAME DA 1 = 

350 LAH9l«A2= 

1050 



GRATING FILE DESCRIPTION 


4 90 . 


CROWE FPEQVEI ICY <or. mm) 


240 

2 ' 

DIFFRACTION ORDER- 


-1 

4 

RADIUS OF CURVATURE 6 mm > 

P 

152. 

er 

ENTRANCE ?UT DISTANCE 'mm) 

L ? . 

152. 

6 

ANGLE OF INCIDENCE '.d«o> 


c — 



FIGURE 14 


GRATING DESCRIPTION 

WAVELENGTH (nm) 

1000 .00 
1050 .00 

1 100 .00 

1150.00 

1200 .00 

1250.00 

1 300 . 00 
1 350 . '30 

14 0 0 .00 

1 450 . 00 

1500 .00 
1 550 • 00 
1600 .00 

1 650 . 00 

1 700 . 00 

1750 .00 

1 800 . 00 

1 850 . 00 

1900 .00 

T ~ ; .oo 
. .00 

2050 . 00 

2100.00 

2150.00 
2200 .00 

2250.00 

2300 .00 

2350 . 00 

2400 . 00 

2450 .00 
2^00 . O f 1 


4 ° 0 . 102 

SCALAR Efficiency •'") 
1 6 .04 

19.70 
1 22.94 

25 . 7 1 

29.01 
2 ? .86 
31 .2? 

32.36 
33 . 1 1 
33.58 

33.01 
33 . 05 
33 . 73 
33 . 4 7 
33.10 
32.65 
32.13 
31 .56 
30.9* 
30.30 

29.63 
20.96 
20.29 

cn 

i * J . 

26.91 
26.23 
25.57 
24 .-91 
24.27 

23.63 
22 .02 


1 GRATING DESCRIPTION ft 490.1 

START WAVELENGTH 'nm,- LI 1000 

END WAVELENGTH <nm* L2 250'.' 

WAVELENGTH STEP 'Del*-? 1 ?mbd?> L3 50 

5 ORDER * 1 

6 GROOVE DEPTH. ANG9TF0NS h 4500 



FIGURE 1 5 


PRATING DESCRIPTION- 
WAVELENGTH (nm) 

3 jO ,n t ’> 

375.00 

A On m {y* 

425.00 

450 .00 

475.00 
500 . OO' 

^25 .00 

■50 . 00 

575 .00 

600 . 00 

625 .00 
65:* .00 

675.00 
700 • 00 

725.00 
750 .00 

775.00 
000 

P25 .00 

850 . 00 
875 .00 
90'.* .00 

925.00 

950 .00 

mm 
- 00 
-5 .00 
1050 .00 


4?0 . 1 07F 

SCALAR Efficient-. 

24 .39 

29.23 

3 A .92 
\ * 

22.63 

33.55 

-J-5 per 

33.70 
33 .20 

32.17 
31 .53 

30.53 

29.51 

29.42 

27.32 

26.23 

25.17 

21.13 

22.13 
22.16 
21 .24 
20 .36 

[ O cj*? 

18.72 
17.95 
17.23 
16.51 
15 .8 Q 
15.27 
11 .68 


7) 


1 

“V 

3 

4 

cr 

A 


GRATING DESCRIPTION 91 

START WAVELENGTH <r*m> LI 

END WAVELENGTH (nm) L2 

WAVELENGTH STEF 'Dsll a lambda) L3 

ORDER m 

GROOVE DEPTH, ANGST P0I1S h 


490 . 102B 

350 

1051 

1 

1 4 f, 0 



i 


i 





PRELIMINARY 


n 

-c^> 


EEgG reticon 


RA1200J 
Full Frame CCD Imager 


Gl K <al Description 


1 h.' . . l?00Jis afull frame CCD sunsui designed spot ilically 
lor .. in astronomy, spuctiuscopy and nlntml ; cu.ultfic 
inii* - g n|ipiicu1iuns Its COinbin.it ion ol veiy law nntso and 
lov. i iik cum uni make it ideal lot low liylil level. Imjh dynamic 
rar. t md high resolution applications 

Th. « 1 . « jei is structured in a serial parallel serial cuniigura' 
tioi : / cl targe packets (imaging data) in llio vortical (parallel) 
r€Kt . m scan be shifted either up or down (not simultaneously) 
to t ■> > h l-jnhcal horizontal (serial ) si »ill 1 i gisloi s Oi in is at tl to 
lop m d another is at the bottom ol the aiuy f nur phase 
clo , jre needed to dnve both veitical and ItoiizutiMt shilt 

fCC, S 

Thu n ly is available in a 40 pm ceramic package as shown 
in 1 1 ,.i u I. Package dunonsuv'S are shown in ritjuio 7 It 
is a v. liable with a quaitz window or unwindowed I he device 
is int .11 .sent to its orientation in a circuit due to the symmetry 
ol Ih pinout (see Table I lor complete pinout description) 

r «annes 



• J. 000 picture elements (pixels) in a 400 x I200conligu- 

. ,iun 

* pm square pixels 

* 1 iod channel process 

• 1 i chip output amplifier lor low noise and high speed 
i* a lout 

• i in dynamic range: ovui 103 dU ut -1 10 C (1133 K) 

* .1 parallel serial configuration tor selectable buJiiec- 
' u it readout 

• 1 itle spectral icsponse liom 450 nm to 1050 nm 
t :uter than 57o ol peak responsivity) 

Ml! ’ Operation 

A in !{■ ii source of dark ruuunl in devices such «is this 
orw * it*;s in surface states at the Si SiO interlace A unique 
desg.. and process enables the MA1200J to tie nm in 
the f.KTti Pinned Phase' or MPP mode of operation This 
helps i.liminate dark current generation in the interlace 
sun.c.a states. By holding the vertical clocks at negative 
poUi.hal during integration and horizontal signal i undue I the 
suit. ullhe sensing area is inverted Asa result Hie surface 
will i "t .I be depleted and surlacc states will not goner, lie daik 
ciiu .nl Dark cuirent densities ol less than 0 1 iia cm have 
been achieved using the MPP mode ol operation, resulting 
m ini. ji moil limes ol more than 30 seconds at * am 
ton a • i jiure. 


Functional Description 

Imaging Area 

The imaging area is an anay ol 1200 columns (vertical CCD 
shift rcgisteis) winch are isolated fiom each oilier by 5 pm 
channel slop regions Each column has 400 picture ele- 
ments 1 lie pixel size is 2 7 pm x 27 pm. The imaging aroa is 
divided into two sections ol 200 x 1200 pixels. Eacli section 
can be operated independently with its own lour phase verti- 
cal clock. II both sections share the samo clocks, the device 
operates ns a lull liame 400 x 1200 imager. Typical spectral 
response ns a lunclion ol wavelength is shown in Figure 2. 

In the vertical direction, each puc.4 corresponds lo one stage 
(lour eluctiodcs) of the shill register. The lour electrode 
groups are driven by four phase clocks brought in Irom both 
edges of the array lor improving response lime 

Charge packets (imaging data) in the veilicat registers can be 
shilled either up or down lo the lop or bottom horizontal 
registers by interchanging twool the fotii phases <o , ando , ) 
See Figure 3 foi functional diagram 
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Table II Recommended Operating Conditions 
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